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INTRODUCTION 



Presented in this paper is a brief description of STRESS 
(Structural Engineering Systems Solver) which is a system for struc- 
tural analysis by digital computer. It consists of a language which 
describes the structural problem and a processor which produces the 
requested results. STRESS is a generil purpose system in the sense 
that it is capable of analyz ing a wi d l w » gA s ty t of structural types and 
situations. The input lanugige is problem-oriented, i.e., the only 
problem description required Us in eng i n e er ing Ir a the r than computer 

language. ■ . | | i \ 

On the a f wm p ti e i tha» ^h e re ads ! i s n ot f stmrlftral eng ineer, a 
few words concerning the general nature of the structural design problem 

1 ' 1 J J 

appear to be |n order. For example, consider 1 he simple building 

The iembers o| this sti ucturall system |may be 



frame shown ii Fig. II 

of steel, reijfeeiead l4»o»a*4»<Mfr semefstner man erlal slid are Rigidly 
connected at ihe joints. Th| objective <f* desttn is to evolv^j a 
structure whiJh will support |*he imposed iload* without excessive stress 
or deformatioi and with maximum economy. 

The anal^eie of the relatively simple fsemWvln Fig. 1 rjagjuires 
the determination of 63 distinct force and moment components. This is 
accomplished by the soWloSi %§^-e$&#4*Her oS eqilllons. Forty- two 
of these are classified as equilibrium equations. The remainder express 
the compatability of distortions between the various elements. The 
total set of equations may be subdivided such that analysis requires the 
solution of 21 simultaneous equations. It should be apparent that 
rigorous analysis of a more sizable structure (e.g., a 20-story building 
frame) requires an enormous amount of computation and data processing. 

The problem is further complicated by the fact that the deformation 
of the individual members and hence the compatability equations depend 
upon the size and elastic properties of those members. Hence design 
must be an iterative process each cycle of which involves a new analy- 
sis of the complete structure and a revision of the member sizes. 



^mmmmmmmm^m 



1 



.<L 



.za 



71 



.L—L 



i 



~Jt~ 



.L. 



!_ 



Fig. 1 llgld BoilAlng Fraa« 
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structure* it was necessary to employ approximate methods. These .,«„„, 

A^SfiF^t HP? WW fPnft 9/t¥t& ■■WHHUJHlF 3r^ ijj/RfrTw *^ ^ft j^F4^rf$r ^ > ^3rn? 
were j^tis******? ^f^^SdSMPffif^*** S^^^i^ , 1 ?^^- ^, !Jri 0? 
Howe^ft^^^u**^ ,ft» ^Mlt^^io/^^p^s^ £Mfa& : fflf&"r 

•conmr.?*lP¥tt*nnj^^^ 

the sW^W^,SJ«^*l*,i«^»»W H««iMff3»^^^¥W l rfff^- r-,, 

quick ^^w^.t^^t rt^^^«§^t?^o^J^ft*ir|t^^^- ; v . 
puters o^ t^. W t (iec*^ iS '5M*^M«f ^»#«a*^*i^^^° 4J*??»a*!^m 
aPfS^auS^eWO***^^^ a^a^i^f^ 

a nei^rf^am^ft^s^S^J^^ 

restris^s^lo^imfe^MosIa,! Ilsae^^^!*^ «£ ft^gftrfFV^ .„ 

solution to the general structura^ejj^^^^i^*!^^^ f ^ ^,. 

stru^^, f-V^SOrt^us^lgiHgr. ^i^s^^hojih^s^^n th^ ^ 
righK^i^| 4fi n i ,^ ijB a|a f ckjy^| ftfe|hff|lfl Jft^"!!.^^-*^**^ 
of -^^^^utff^^^ for •nyjur- 

tende^y pf ^^.j^x^,^ 

ln ^Tfft¥^I^H^|ri^ J i|.,|he t |^ of »{^ A gS>^iS«tion x b«|M^ v 

the engineer as such and the machine. The engineer has had two choices; 

,&TaxXsfut fo efioitrtsai J^a-xsi 

He could become a programmer himself or he could turn the analysis over 
to a middleman who was a computer expert but probably did not fully 
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underatand tha structural problem. The first choice is lapraetical 

becauee 3 \W%*^¥&p#%^Wmi&tiiLW ; l'fr tlsr*li§ittor^elfi»city 
le«vin« iittia tia* rotiflT«*ioti iifrt *toH*r*«lWl- ^«ttot*"«<><! 
choice i. undeiirAble t>ecW£s# the eat^nonrn uee e '- Wiit»b r-of W^twrtf^ 

: Wit^- ^^aailbta 1 aW J n*tiIiptr'*i> iuliaaaW s t rt fc t tirnt *»eiy#i* *ntf / 
to eone axtaatV aa#i>^ In' -tfutttf a^ay' ^^ne^^onlf^ '<*he W f *tfi*ttc*ea «»» 
?n'en?^l?ta1ffitf» %rV 'al^aVlatbd. W ip ft *ne» °*k W &&rm tt*t "--- 
latica o^l^Ac^^dy^W #1H^ d Itf t l ! fa^g^ ^ft^^r»¥<i6W eVtbrW? 
(1) tha only t^ 

language thu. aal&* jftJeMble fcetiPiMR* W*m MfitimWW'lia&im**** 
not ^^^ltydli>tf^#%l1i'ilaaftlaiV W **&«&** ifrWxW 'liHi ' pttaW - 
pronraar capital* d* Inonft*^ ^^rtoSree^ %an¥"tiftftJ#*feft» •*»»*•. 
the BtfdrW W^inffynW'tfrfoWeW e ife tttt M»i « * f *ri **r*rturtt <tftix*»tte*^ 
i xm f°tt^$f1ll>m&£e^ i bf *m% mto* J s^i c 1 * i *e f * a? ^§^»aaiiy : 
aa^ n 1^ 9 aa^a^^^^ai%^^€i«#Hl4a^i pa^Wilt.^^Wa^tia*^ " 
cap.bilfty is no*t e^e*li*wS»M^^^ 

a^mcfiV^t^in W*yi# If ^fa^^^iMin^ 1 *!*^^ * 

sitting at a c^saa*!^ ' "1^ ' 

irte>"ox* : fttaa4n"tf €aW «iaa^«1bami"1i9li Ji^^laMitfWiiy^rteii^^^ 
the data on wlrtct s d^iAJiii ^ i #g^ J*-:*^* ^ oj ,oi.ti,;-,, 

TI^^Mi^ 8 lti«a^B^ J «Mi&^ai m^lkM^M^ x tfmm incHude 
those shown in W*. 2. ^^MtafTfeif l^e**s*r-'*#*-or-tnr*-- ^ 
d^aaWii}^'^'^' 1 ^^^^ oii§saiM"ittitt«^<ll*i rl***iir 3 « 
tru.. dr rlf id .1 In i eelded steel fra^/-'Ha A a*nnWa^n*y W^rl.- 
natic or nay +*irft^^-MtlB>ft a ii^^ c 

M y b« in th. f or. of ^ncantratid o^iiatrifcuW* forces < n^ttanmia-er 
■ay be tha raault of ics^ra W'dUnle^c^ ^afa* 191 

ff .oer.lity of .pplic.Uon i. unique .1^* tha 1 4ir^^br*a ***n in 
Fig. ^ .re usually con.id.r^ to *rcf 9 &e%nl% i W*»*SM^ 
"ferent nothooa oi^analyats^ - f ' T ' ' aMo&m s:1r bi:G d ^ 8 3fi -res^a* ^.- 
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rfStrortJiA .£ .sil a* «TO«ta at uo±iqXii*t mmldorq. 82SXT2 ieoiq^J A 
ad* to xJialJqatta «** «rai*aaa«ft» <*f «m*a ** JUivi-iJ at »Xq«ax» »dJ 
smU ni awoaa xloi&Lqmoo »i d^Ldw .Jwjfli atff . .a»»u»nal Jim*** gaaKTO 
atii* io aia^X««a aA .«»Jj«rJ» 1© *a« It atf «*o t at«»J;i 

.auod sno tlaJaaixoiqqa s-U»pai bXtfO* «U*aL|a»ft p fff Y f ^ a w»a«wia 
aaaoaad iajyq«oo * So ski *riJ ^ aliaa** |nf aJtl> lsa» al*a , awif 

ft »t i aa r g>f t*i»a a<t» f# 

Jarf* »i e .ilf **Jt« eoJUaaaaoa ai aba* atf at *oloq ijurtraqpi atfr 

'"^^^"l^Ml^ttttrfifii^ ^»» «*i» —*W y||||«rxa ad* 

aaSSTS wLt mmmi amo ala^lao* Hn* ailm*m*3 *m*Mw» a* .a*» 

-too ^d sstJUaa o* aolijtuoq » aX m*$ «* *%% '••swarf m} a «1 **Mraa«I 

ta .*ot3o»iq. mJk trtmiauooa* ml Aot&w mm i» ^Jheetiw •*** "»•*«§ 

si el aa©i«lo»l» itfeiaftfr atf* mUm tMMm i » wit ,»Jmow -tswfcfo 

eeaaai al^ tS .nm* ***© aid no aoidoaa a d*iw iJaahini— ».< is«t£fr 

ton , X*a±inoaoo9 aaa»9*cf arU-iiMKJi^aa la-iyawMa «* «nt»*uq«oo to w »di 

t aai*ifoi a*t» tg #M L «****•?* #a a* a aalrfMiq xa£ojaco ,»3*»I ad* «tai ^te© 

,«oii»«^q 1 1 Bfi^n tq Id *I«* a*» aaaitajaeo jfa&tw a£stl*«« x*b-o*~x»b 




K wt «i n « n i i- - | i 




maA boAsmK ad*e5*«&Xa; fiav 



a«<sf#90tta tiniawt a** 

boa *a*$«&an»£ at &**&*&: *mmM#£ a#ww* .itomsoa 
JP«*>a«t» 4-wwtfao adiau a«Jt(k> I JC«u*aini« tmmiII 



aia^-av ^P<HNt0 -ata^laa* 

arfT ,s9ld«lt«r hn* a»irt»q<wq «f* «>* «*«kJ a»4«J^s«&p 

.sison «wiJ o* Jnlot a^l ,t<Mbi«»; »d^ al <ig«ind wi} o* y&laa* tmiuiatrti* 
atfT .•xo*39¥ a *»tf «iaXaoa a J«« at t ortaw a i a al intoq a *a nwomiau mat 



■^ jrs^u^^^r «? ^s-fe^—^- — **«^|^^fi6^S4 "SgE^^^A- "5''"" " v * 
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A typical STRESS problem description le shown In Fig. 3. Although 
the example is trivial it serves to demonstrate the simplicity of the 
STRESS input language. The input, which is completely shown in the 
figure, can be «|FlXfeTr>ri**r matter of minutes. An analysis of this 
structure byj^hang co mp u l ation would require approximately one hour. 
Thus, evin for t|iis verji simple case, the use of • computer becomes 
economic^*; — rWrfl^Irgwjstructures the input PMtTm* la.eTpinrtsri^only 
by the additional numeric data required and/thi 




more advantageous". 

The important point to be made in connection with rig. 3 is that 
the P^^^^pai^^f^f^BMrliiK terms such •^^^We#a"j*Pfa%"M' , i 
etc. An engineer trained in structural analysis can learn the STEMS 
language in a few hours. He is then in a position to analyse by com- 
puter the majority of structures which he encounters in practice. In 
other words, the engineer who will make the design decisions is in 



direct communication with the machine on his own terms. Bf this means 
the use of computers in structural engineering b e co me s economical, not 
only for the large, complex problems as at present, kmt for the routine, 



day-to-day analysis which comprises the bulk of 

FtemuXatjbpn of Structural Analysis 

^"Interest has recently been 



1 practice. 





tion of a e weerhtth eery w o the framed structures 
showed the analogies between the electrical netvo 
network. Penves Joined Branin< 2) i» fonailstinf and 

linear structural analysis problem using network theory. The method of 

h h.i ^.Tflr q bbbi% 10 a sirs 9 eoaqe 

analysis ustftf IK 8TRE8$ is based on this work, although the method has 

more recently been derived more explicitly by Connor* 3 '* 

The electrical network^|s.t^ of^nches .«* nodes, with scalar 

quantities being associated with the properties and variables. The 



structural analogy to the branch is the member, the Joint to the node. 
The unknown at a point in a member is not a scalar, but a vector. The 
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JrfJtoq ?ed*oaa J* nwo-naliw xadoa* adT . -.>«*o*a*r osa otUte aoXd*£«*v JaJtot 

b ^d *ud t ooJ^s««6lMuri^' 'T«MKiX'.« fd- )ae ^boJaXo-r- at *9dmm. *&S at 

tfHUCTU** IW>tt P F »HW<m •**©* «•» **$m*mtU * «u»rt .aoLitmo\aamti xtrtBm 

l?**J?i¥*Mtti& —P*ot 00 dlio ,*»dl© *d* oj iium HHtni» • to bo* oa© «o*t 

•KPWW <H* J0fJfff-§ 

W0MMR OP HWm^J"^""— ib •«" •** *«* *o*oo*- : owso* Xa-wwi** »d* »a*m$m &k 

22KI Si < ^ SI1W H ^ , | W * <> - m »t' mimmff$m^r»m^.:wmmi.^-m9i%M to a$a£aoo© ©«t»* 

TOIPWCT vr MijQo" 1 

METHOD S T 1 I^HfJs y**** *' •*? •«*** «^fw»*i. W*t*m -* #mm#mm® tmrnm-mvOi bam 

JOiHT COOWtMWKlilwytoo omuloo doal .8 s 9 
i 0* 0, s 

2 Q« ISO**'**'*** 1 ** •*** lo ***• *< 

3 4£0* 225* ad* ao asaoaoqpoo *d# 

§ $00 o« S *' t °°** ***<>**«*** * 

*«*•£* INCUJtt^*o?o!t »itf to MMVBl 

1 1 2 

2 2 9 

? * * **** t-tJC*»*<l»a«oa Xaofe 

HEWER f*ft@f»€RT*fe MWHStW ** *«* 

i i* J?* !** W*A"« «** »JU*r ,oqr?* «d# i© «©**«««*« «*d* ** ftoaofidoo to iidws 

2 #X 10, If t§©0» 

9 AX 10, l2» l> I < ifgV l *•»• t«» *Jte**i *Wi *I<Jttia O* *••«*« ooitf .Jos «1 ao**»Xoa 

? £fj? » £?*. ■ f feiWlftfcd •****©« *fl»*©tlib aoi*»*mi»oD taw! TOl *«d* ai *;»t «d* *«d 
'J©*HT 2 LdAtT^f^^UlW 00 l 9 ** «*-E»*«x » «A **fsp|* :«Mt*o*i*« Jariatlib -*ot boa® 

SOLVE *f •«•£ jf ' Mf* to <oa© ^Jtno ;-jpO*«l \*om 

X aldaT ,elaxl»n* to bodJ9« MaaXtUa to 1ri— «n>Jnalb a jpl'xabXaaoO 

*nlot -xoq sJffenoqooo *&*&©* omoosiae to -Hrihiap MmXjiXo ad* avoda oal* 

ad* aaxa *na*aiaa©3 *tiXa* ^B .***** aaaoa oit *©t bo***©** JnXot i«l 

ovos «x**i* •»» X oM*T nJt mod* *6m ^iwooquoo io«K»ooX4«X& on* ssrcot 

od* «ox* boJJioo «d ^m **uL*v <rf* ewrfT .t*n»bienoo od cro« booa boa 

-«n*sJ ed* «wt» t«J»X9b saJBiXoa Wui two? 3aibfloqa«-soo sriJ bn* noiaov 

«n*|q s «ot anolioX»b edi <jll**rs» w m da n «wod* e oxom» .aoojt#amol 

oi ipEafea»o»« aaoitatfo* auoen*JIwaia J» ladmrn odJ si tXoo *oM .mutt 

io *rt«bfl»q«baJt ai aun*tnn od# to lla faOMXa #«d .JMaaiala a oJ'bXod svloa 

.osXa to*sav ^asiiosMiiojilb Jatot odf ,11, td ^j»© bai alert l »uxi Xatirtou'Eta 
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joint variable* also are vectors. . The aeaber unknown at another point 

in the aeaber is related, not by a linear transformation, but by a 

-atrix transforation. Figure 4 illustrates the force txe^fomea^Aoa. ---pur^'JW 



froa one end of a straight aeaber to the other, with no forcee^i&d^^^T 
in between. The general force vector for the three dlemnaie net f?**u*- 10 ^ ft? .>. u v\ 
ture consists of three linear force components in an orthofcoAitfWWe ™ ^^ 
and three aoaent coaponents acting about the axes. The genera^ ^rpaa^ Te ..-.qhttm 
.^.^o^mationimit^tlw^^^i alae 6 x 6. Bach ooluan correep^^oiSCO^™ lot 
YTi the ef»|c?o7^ail*Ba4«4v^»^^ "ide of the eqiiati6h, # , ; f \ s 

leach r£# is used for the computation ._ . 

displacement transforaation is z a0 9 iyck> c 



'■ml leftrmide. It can be shown that t|| 

1 almila| and equal to the transpose o: the inverse of the fo*c*3fl(sm* J '-W I flT8v3M 

- r e 

■? ,1 4> 



~formi^on. ; 

Ts% Network concep^mllows us U readily deal conceptually with 



'TSGMOfi^ v'JHM3H 






vectors of different siaes for different type of atjru$fc*re#„ ,-Bft 

number of unknowns is then a function of the type, while the ■*«£<* cfcj • ~' \ XA ; 

. n C c i •. I *•■■ i % ' ■ -> 
solution is not. When stated so simply this result may seem obv4ous, { , m xa e 

but the fact is that for hand computation different method, ba^oeenM ^»^ { ** q * 
used for different structure types. As a result, many computer^ paors A ,(*> j twIOL 
grans have been written for the linear ama!^^!!^.*^^ 
each treating only one of the types listed in Table 1. 

Considering s displacement or stiff nems method of analysis, Table 1 
also shows the minimum number of unknown vector oompoaents per Joint 
(JF). For structural typee. ,*^ * T thiagjhjfc ■ g s mm; {|»m t*e .emjfctlona 
for the an.ly.is cu mW&%#&Wb S *&iNil^ >** •*»tiona 
per Joint required for the space frame. By taking consistent axea the 
force and displacement componenta not shown in Table 1 are always aero 
and need not be considered. These aero values any be emitted from the 
vectors and the corresponding rows and columns deleted from the trana- 
foraations. Figure 5 shows schematically the deletions for a plane 
fraae. Not only la the number of simultaneous equations necessary to 
solve held to a minimum, but alaost all of the program ia independent of 
structural type, related only by JF, the Joint displacement vector else. 
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Force Transformation for a Straight Member 
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Fig. 5. Reduction of Transformation for a Plane Frame 
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Table 1 Member and Joint Unknown* 



Member jUnknowas 



j 

Pla^ej Truss 

Plane; Frame 

<* ! i u i 

Grid 1 

Spacer truss F\ '■ 

Space Fraae Fj F 2 F 3 H^ l^ *3 



*1 V% 

J- uj 

F 3»«l% 



Joint, Unknowns 

-^Sr f 



«„ - — 
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\ 



\ 



u x u 2 

Ui U 2 U 6 

U 3 U 4 "Si / * 
^ U2 V$ 

u l U 2 U 3 U 4 U sH*T 



JF 
Number of 
Joint Unknowns 



M 
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STRESS is intended to be an informative and easily usable struc- 
tural design tool. The designer then must be able to specify his 
problem to the machine easily, rapidly and concisely. He should be 
able to specify the problem as he thinks of it, not in term of how 
the machine solves it. He should be> ahjLe .|to ispeclfjyj a problem without 



performing any computations durdag ] data. p«ap«ra%lo*W this 



the,* the processor wl^li 



t'iaesijw 
alien 6t. 



wi&a 



■frfejrmMjInn thin^mf rely 



Implies 



the generation and solution of ,*li«enajra^ « nu aj H ejls. Fo# example, the 
equation* relate imbalartced Jojot fejrcas «h1o> aanJ^-Ctoayttajd from a •' 
variety of load types considered by jthej dajslayierj. tfllhe machine j will 
operate on Joint coordinates while the designer sight route geometry 
to bays and stories, or apane. In the process of generating and solving 
the equations, and in this pre-and post-processing the machine must 
deal with a :J grelft '-ssbuht^f ^d*t«pi^ttf i'ia^rr*y^ie*a. The Aomber 
of arrays and their sizes are variable functions of the input data, 
the structural type and size. The form and features of the STRESS 
processor are related to these problems and a desire that the processor 
be a dynamic entity expandable by engineers. 



mmmmmmmmmmmmmm 



4- 




** 




r 



..fPfyjj&ftffi S S iL 



vff^ JWP^^W ffBPW 'WvP w^^P WWW 

rrlMtiiifri Ut d*taM as if 



tH»*»i«pcd 



•uaUaoO 







- fc&«n*jHri«Mii<Mi • 



jh^m4# lad 



fMniMMHt 



•ml 




■atii DraUfM. ill aranr* «mM 
of »** fty§ ■■?• 

tin tfUMHMP' "'H ; 

In OfMf to MdW MMftt9 MtMMl 

nutowauc mmory w»n%»»i pNHHHNl 



p»iM— i »l m, •» 



j*im© weJSI ri»e& *»»*igl ■ ♦* WosMt 



^WS&p^Sifr: S?£ ^S^*KfevS«^3N 



r3^^7%^^'=:ft^^^ 



12 



Probl « ltt ^/initialised ■« P"* 1 ™ Co"?***** 



Completed 



"XP8 ssotviS 3.?.3LHT8 -Mi 



Continue f Son Input 

Problem j •'" B * s f ^hAiilftiWN* «!-**• & m ™*a«»<^ j eai 




I 



f B Prot&em « ea 4 J " ! '" ;>x:r f Xxqjaoy one 

>a<fi***PP*J*f:» < < J-t£«y|woll cross* 



■fr ^g MlttWM 3S$B*oJ* fijLb »nfi noinlwi 



r " 



ii yji. ■,;?'ijsj^t> (it biuSi^, 



b oaiii 



s> «3' 



NO 



•■'1 r*JJ SB-s yttejaEtJ a £ aidn. 
Error 



itiv ZVtU-til&X 



3 






aniffiBLa-j^o-tq ; >wj mil tiro 



.;^j.*j~v o«l \'IIr;:uasd to 



a«e-::-oiq on < 



W.t 



:--: ■ ■•■•>! I 



S J £ 



^^JitfTiHiH s .D.x , 



yai-tteq toi sTasMii^ 



ii>j>%o ax i-'Jisai^sJcS.-j 
Krror 

I'lS !>;:K 3JUiiiT»CsO 10-: 



I 



i 7 >;r:» -.kt 



Jiiq;\ 



■'VIS o ■n;ir i i-: 



i? t -~ tjt-iii': lit' ; ,i j; v 
.art:* old m[!& 



j >Vv;' f^ 






ii'-mae,jzJ , -oirt.nfi'ft t.AJlT^K yxJ'{ 



*Ot*t>liBm' d aiiJ-xao^q ss i<" "Dlaifcfe-^n^q avri-a 'u 



; ;:ca,7. b: 



s f,. 



I 



'^*if 2^»T-j=s 2Kj.':T . uSiiqnoi 






_ genore 



ort:; soi«s;-:i 



, 1 '.0 if 






— » 



: ni ax ii'->i;1^ •ioK»f>:i :nn j» 









i r>;"l.t si fioi3 *-^ 
, Arnold ot.[ Iif...i.- 

i citaw svii'nh Jo 



i_ ^oi 



Kffivl, io 



BAKSUB 

.i'i »O rih ■•» 

Answers 



1 



tin ^H-JOu'l q j O"? ..* ;:!.»•:■ •;'3;)f:"im ..(.f.'ti; 



Figure 6. System Block Flow Chert 



13 



Table 2 
Program Blocks 



NAME 

PHASE 1A 
PHASE IB 
MEMBER 
MRELES 

LOAD PROCESSOR 

TRANS 

ATKA 

JRELES 

SOLVER 

BAKSUB 



PROCESS 

Translation 

Consistency check, Internal representation 

Compute member stiffness matrices 

Modify stiffness matrices for member end 
releases 

Process all types of raw load data into 
equivalent joint loads 

Rotate member stiffness matrices into global 
coordinates 

Generate symbolically structural stiffness 
matrix 

Modify stiffness matrix and joint loads for 
joint releases 

Solve, matrix equation for joint displacements 

Backsubstitute for other results and print. 
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Fixed Location 
Variable Area 



Array 

Data 

Pool 



^ Programs 



Monitor Use 



Bottom 



Scratch pad 



System scalars 
Problem scalars 



Array reference 
words 



Figure 7. Core Memory Layout 
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space for, reference and use the arrays without requiring the location 
of the array to be fixed or even constant during a part of the solutions 
process. Figure 7 shows the noraal core arrangeaent for STRESS opera- 
tion. A very saall area (about 300 words) of fixed location variables 

is included in upper coveT " -fart of this area contains codewords^ 
are used to reference the arrays. These usuTswurds contain such An-a, s 
f onwta»ta^»«w aevey aliae, «a*aocarti«^ai*ajor out of core. AMUegfeiN 
the pertlnen^l nfuaaat *en catE ba* *rh a a go) rt ui>y:<prograa control. The wmm?. 
aa infae? auauiw down ^ th»;*oase^piiiiRioaa sonilsts of a pool for sajx-iM 

arrays. When the pool is full, it is reorganised, using secondary 

i.iut si fib a&t-l >{$-j. 'Hi -»v|*-> II 5.-: ass&ricrri SGSgSPGJin u«.0-I 

storage. . .,.,. r .. 



!,eir'.;> -« 



capacity. Prograa blocks aust aaoa; bos swapped during processing. The 
roanBOfcaari.nl feature^ wjths anftttiyatlnaei q d» used for this purpose .axt a 
With each prograa block there is a dlfrerent top of prograas, or 
bottk^^h. pooir a lii. J r%||^J||r^|^latly varying data aa*#P'< 

conceptually no different. 

The use of explicit FORMAT statements requAwvs that a prograsjaer 



know; the f ora of an infrut cerd^g-_line< bef orea re co gaa atori the first 

character, in iddltioi very rigid reatrlitioia^rfc^i^losM on character 

position. This is inoinalstent both with the r*«t WTP^TRAN , which 

allows great f roodoa i4 source prograa f onset and elegahti output, and 

: , > ' j van A I ! 

the bn^ineers sc#pe'of rconcerji. It isj necessary^^proprikle the en- 



gineer with a free and ieasy fora of input, free ftild foraat and 
great freedoa in stateaent ordering. 

A single saall subroutine was written to oft operations on logical 

i 

(rather than physical) input fields, p^rf ora&Bg^444 tionar r look-up, 
binary conversion, etc. This routine is called for evefy logical data 
field during translation of input data; by translation pofocraas written 
in FORTRAN. The prograaaer then has the inpirt capablllrtl is usually 

found only in a coapiler or other extensive assefuny language prograas. 
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Table.3 
Sample Problem Specification 



00010 


STRUCTURE 


SAMPLE PROBLEM 


00020 


NUMBER OF 


JOINTS 8 




00030 


NUMBER OF 


MEMBERS 


8 


00040 


NUMBER OF 


SUPPORTS £ 


00050 


NUMBER OF 


LOADINGS 


2 


ooo$o 


TYPE PLAWE ? FfcAME 




00070 


METHOD STIFFNESS 




00080 


'TABULATE" 1 


: ORC£S, REACTIONS 


00 099 


JOINT COORD 1 HATES 


C '..I ■■:"'■ 'T ■ VT"! ■- 


00100 


1 X -240. 


Y 2A0f FREE 


00110 


2 X -240. 


SUPPORT 


00120 


5X0. S 






00130 


8 X 240. . , 


S 




00140 


4 Y 240. 






00 ISO 


7 X 240. , 


r 240. 




00.160 


3 Y 420. 






0017 


6 X 240. ' 


1 420. 




002*0 


MEMBER INCIDENCES 




00190 


12 1- 






00200 


2 5 4 






0O210 


3 8 7 






00220 


4 1 4 






00230 


5 4 7 






00240 


6 4 3 






00250 


7 7 6 






0026U 


8 3 6 






00 2 70 


MEMBER -PROPERTIES 




00280 


8 PRISMATIC AX 10. 


IZ 3U0. 


00290 


4 PRISMAT 


IC AX 10. 


iz 300. 


00300 


r4EMBER PROPERTtES 


PRISMATIC 


00310 


1 AX 20. 


IZ ZOO. 




00320 


2 AX 20. 


IZ 200. 




00330 


3 AX 20. 


IZ 2U0. 




00340 


5 AX 1,0. 

6 IZ 180. 


IZ 300. 




00350 


AX 20. 




00360 


7 IZ 180. 


AX 20. 




00370 


CONSTANTS 


E 30000. 


ALL 


00380 


LOADING 1 


UNIFORM 


ALL BEAMS 


00390 


MEMBER LOADS 




00400 


8 FORCE Y 


UNIFORM 


-0.1 


00410 


4 FORCE Y 


UNIFORM 


-0.1 


UU42U 


5 FORCE Y 


UNI FORM 


* 0i l 


00430 


LOADING 2 


WIND FROM RIGHT 


00440 


JOINT LOADS 




00450 


6 FORCE X 


-20. 




00460 


7 FORCE X 


-20. 




00480 


SOLVE THIS PART 





, ? ,:5p«^.;fS^-r5=fp* : gsa^^^l®«is»S i Re 



-18- 



statements prior to this command constitute a complete and consistent 
problem. 

For efficient use of time-sharing, tile %&$$$ 1* typed in using 
the eras monitor input program in a form which SfJl^S can accept and 
execute. The remote console is use i d..fp^contrb^^'"^e;;p^dceB»yr 
and for immediate correction of errors so as mift» dg^jtbe design. 
Answers to the specified problem are shoffl '%ti . TJiBifc 4. 

The results show the forces acting on the member ends and acting 
on the Joints. With the solution of the member end forces, the member 
is statically determinate, so that the forces and ^formations in the^ 
interior of the member can be determined by elementary methods. Up to 
now the development of STRESS has concentrated Q» t*e oy»r«ll problem. 
We are now, however, attacking such problems as the interior forces to 
develop a more effective design aid. The Joint loads on support joints 
represent the reactions. While the difference between the calculated 
joint loads and the applied joint loads gives a measure of fhe, solu- 
tion accuracy . 

The engineer may then wish to alter the pfobiefisfjosr.: his develop- 
ing design. In most cases the alteratio^ will b# a <u>$iiidh of the 
obtained results which were not known during creation -o* the input 
file. He might then describe the differences in "the new problem to 
the processor and obtain results for immediate qcjaparisoii end evalua- 
tion of the merits of the tact of the design. "Tittle: 5 st&is the 
changes necessary to analyze the same structure with new member proper- 
ties as suggested by the first analysis. Table 6 shows tfce effects of 
the changes. 

The STRESS system is in a continuing state of development. It is 
expected that its capability will be extended *a include dynamic ana-, 
lysis, investigation of structural stability, and the behavior of in- 
elastic structures. It is hoped that ultimately STRESS will become 
part of a larger system which will be an aid to automatic structural 
optimization. 



Table i* 
Sample Problem Results 



STRUCTURE SAMPLE PROBLEM 
LOADING 1 UNIFORM ALL BEAMS 



MEMBER FORCES 



MEMBER JO I NT 



1 


2 


1 


1 


2 


5 


2 


i* 


3 


8 


3 


7 


It 


1 


U 


1* 


5 


1* 


S 


7 


b 


1* 


b 


3 


7 


7 


7 


b 


6 


3 


8 


6 



AXIAL 


SHEAR 


BENDING 


FORCE 


FORCE 


MOMENT 


10.51(5 


-1.229 


-92.601* 


-10.51*5 


1.229 


-202.1*11* 


38. 982 


0.1*81 


1*1*. 01*5 


-38. 982 


-U.l*81 


71. 1*98 


22.1*73 


0. 71*8 


65.663 


-22.U73 


-0. 7U8 


113.813 


1.229 


10.51*5 


202.1*11* 


-1.229 


13.1*55 


-551.690 


-1.81*6 


13. 366 


628.391* 


1 . 8 i*b 


10.631* 


-300.563 


12. 161 


-2.591* 


-11*8.203 


-12. 161 


2.591* 


-318.751 


11.839 


2.591* 


186.750 


-11.839 


-2.591* 


280. 201* 


2. 591* 


12. lbl 


318.751 


-2.591* 


11.839 


-280.201* 



STRUCTURE SAMPLE PROBLEM 
LOADING 1 UNIFORM ALL BEAMS 



JOINT 


LOAUS 






IT X 


FORCE 


Y FORCE 


MOMENT 






SUPPORT 


REACTIONS 


2 


1. 2292 


10.51*1*7 


-92. 601*1* 


5 


-0. 1*811* 


38 . 9819 


1*1*. 01*1*8 


8 


-0. 71*78 


22.1*731* 


65.6631* 






APPL 1 ED 


JOI NT LOADS 


1 


-0.0000 


0.0000 


-0. 0000 


3 


0. 0000 


0.0000 


0.0000 


>* 


0.0000 


-0. 0000 


-0. 0000 


b 


-0. 0000 


0. 0000 


-0. 0000 


7 


0.0000 


0. 0000 


- . u 



STRUCTURE SAMPLE PROBLEM 
LOADING 2 WIND FROM RIGHT 



MEMBER FORCES 



MEMBER JOINT 



1 


2 


1 


1 


2 


5 


2 


1* 


3 


8 


3 


7 


1+ 


1 


1* 


1* 


5 


1* 


5 


7 


b 


1* 


b 


3 


7 


7 


7 


6 


8 


3 


6 


a 



AXIAL 


SHEAR 


li END 1 NG 


FORCE 


FORCE 


MOMENT 


11. 


.195 


-13. 


, 331* 


-17 7 6. 


, 267 


-11. 


. 195 


13, 


,331* 


-1U23. 


, 969 


10. 


.377 


-11*. 


.732 


-1890 , 


, 313 


-10. 


.377 


11*. 


,732 


-161(5. 


, 392 


-21. 


.573 


-11. 


, 931* 


-1669, 


, 201* 


21. 


, 573 


11. 


, 931* 


-1191*. 


, 91(1 


13. 


,331* 


11. 


, 195 


11(23. 


, 969 


-13. 


.331* 


-11. 


, 195 


1262, 


. 902 


16. 


.1*67 


13, 


.385 


11*31*, 


.171* 


-16, 


.1*67 


-13, 


,385 


1778, 


, 188 


8. 


.188 


-11. 


.599 


-1051. 


, 681* 


-8. 


, 188 


11. 


,599 


-1036. 


.215 


-8. 


. 188 


-H, 


,1*01 


-583, 


, 21*7 


8. 


.188 


a . 


1*01 


-928. 


.867 


11. 


,600 


8. 


,188 


1036, 


,215 


-11. 


. 600 


-8. 


,18 8 


928. 


, 867 



STRUCTURE SAMPLE PROBLEM 
LOADING 2 W! iO FROM RIGHT 



JOINT 



JOINT 


LOADS 






IT 


X FORCE 


Y FORCE 


MOMENT 






SUPPORT 


REACTIONS 


2 


13. 331*3 


11. 1953 


-17 7 6.2675 


5 


11*. 7321 


10. 377 U 


-1890. 3127 


8 


11.9339 


-21. 5727 


-1669. 2038 






APPLI ED 


JOINT LOADS 


1 


0. 0000 


-0. 0000 


-0.0000 


3 


0.0001 


. 


-0. 0000 


1* 


-0. 0002 


0.0000 


-0. 0000 


b 


-20. 0001 


-0. 0000 


-0. 0000 


7 


-20. 0001 


0. 0000 


-0. 0000 



1 OF PROBLEM COMPLETED. 
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Table 5 
Modification Specifications 



STRESS IS READY FOR. INPUT. 

TYPE 

modification of first part - second cycle for member sizns 

TYPE 

changes 

TYPE -■ 

member properties prismatic 
TYPE 

1 iz 800.6 
TYPE 

2 iz 889.9 

TYPE _ .__. .— _- 

3 iz 800.6 
TYPE 

4 iz 583.3 
TYPE 

5 iz 800.6 

TYPE .. . . — 

6 iz 1+U6.3 
TYPE 

7 iz 339.2 
TYPE 

8 iz UU6.3 

TYPE -.--- ■ -— - --■ ■■- 

sol ve 

PROBLEM CORRECTLY SPECIFIED. SOLUTION WILL PROCEED. 



Table 6 
Mod i f i r.a t ion Results 



STRUCTURE SAMPLE PROBLEM 
MODI El CATION OF FIRST PART - 
LOADING 1 UNIFORM ALL BEAMS 



SECOND CYCLE FOR MEMBER SIZES 



MEMBER FORCES 



MEMBER JOINT 



STRUCTURE 

MOniFI CATION OF 

LOADING 1 UNIFORM ALL BEAMS 



AXIAL 


SHEAR 


RENDI MO 




FORCE 


FORCE 


MOMENT 




10.982 


-1.729 


-127.062 




-10.982 


1.729 


-287.961* 




38,177 


0.712 


68.235 




-38.177 


-0.712 


102.705 




22.81*1 


1.017 


92.710 




-22.81*1 


-1.017 


151.376 




1.729 


10.982 


287.961* 




-1.729 


13.018 


-532.213 




-1.831 


12.993 


585.3U1 




1.831 


11.007 


-31*7.003 




12.166 


-2.81*8 


-155.832 




-12.166 


2. 8U8 


-356.873 




11.831* 


2.81*8 


195.627 




-11.831* 


-2 . 81*8 


317.079 




2.8U8 


12.166 


356.873 




-2.81*8 


11.831* 


-317.079 




LE PRORLEM 








F FIRST PART - SECOND 


CYCLE FOR 


MEMBER 



SI ZES 



JOINT LOADS 



JOI NT 



X FORCE 



1.7293 
-0.7123 
-1.0170 

-0.0000 

0.0000 

-0.0000 

-0 . 0000 

o. oooo 



FORCE MOMENT 

SUPPORT REACTIONS 

10.9823 -127.0625 

38.1766 68.2353 

22.81*11 92.7096 

APPLI ED JO I NT LOADS 

0.0000 0.0000 

0. 0000 0. 0000 

-0.0000 -O. 

0.0000 -0.0000 



. 0000 



-0 .0000 



STRUCTURE SAMPLE PROBLEM 

MODIFICATION OF FIRST PART - SECOND CYCLF FOR MFMRFR SIZES 

LOADING 2 Wl ND FROM RIGHT 



MEMBER FORCES 



MEMBER JOINT 



AXIAL 

FORCE 

9.680 

-9.680 

11.910 

-11.910 

-21.589 

21.589 



-12, 
16, 



1*71* 
769 



-16.769 
7.1*87 



1*87 
U87 
1*87 



11.381* 
-11.381* 



SHEAR 
FORCE 



-12 
12 

-15 
15 

-11 



1*71* 
1*71* 
680 
680 
81*7 

11.81.7 
9.680 

-9.680 



11* 
-11* 
-11 

11 



103 
103 

381* 
381* 
8 .616 
8.616 
7.1*87 
7.1*87 



BEND I NG 

MOMENT 

-1790.689 

-1203. 01*8 

-211*1*. 816 

-1618.268 

-1760.015 

-1083. 169 

1203.01*7 

1120.039 

1590.71*3 

1793.879 

-1092.511* 

-956.610 

-710.710 

-81*0.170 

956.610 

81*0.170 



STRUCTURE SAMPLE PROBLEM 

MODIFICATION OF FIRST PART - SECOND CYCLE FOR MFMBFR SIZES 

LOADI NG 2 Wl ND FROM Rl GHT 



JOINT LOADS 



2 12.1*739 

5 15.6795 
8 11.81*66 

1 0.0000 

3 0.0000 
1* 0.0000 

6 -20.0000 

7 -20.0000 
PRORLEM COMPLETED. 



-ORCE MOME 
SUPPORT REACT 

9.6795 -1790 

11.9096 -211*1* 

-21.5892 -1760 

APPLIED JOINT 

0.0000 -0 

0.0000 

-0.0000 

-0.0000 

0.0000 -0 



NT 

IONS 

.6891* 

.8161* 

.0153 

LOADS 

. 0000 

.0000 

. 0000 

. 0000 

.0000 
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The development reported herein Is the work of a group within 
the Civil Engineering Department at M.I.T. Special credit is due 
Prof. S. J. Fenves of the University of Illinois who was a visiting 
member of the M.I.T. faculty during the year 1962-63 and was largely 
responsible for the initial concept. 

The STRESS project has been partially supported from a major 
grant for the improvement of ;enginef*i«g education made |o M.I.T. by 
the Ford Foundation. Additional support was provided by Project MAC, 
an M.I.T. research program, sponsored by this Advanced Research Project 
Agency, Department of Defense, under Off ic« of Naval Research, Contract 
No. Nonr-4102(01). Reproduction in whole or in part is permitted for 
any purpose of the U.S. Government. The work was done in part at the 
M.I.T. Computation Center, and the aid find support of the Center and 
its personnel are gratefully acknowledged. 
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